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1
PYROTECHNIC INITIATOR DEVICE

THE TECHNICAL FIELD OF THE INVENTION

The invention proposes a pyrotechnic initiator. The pyro-
technic initiator mentioned 1n the mvention 1s applied 1n the
acrospace field such as thrusting the escape systems for
pilots, aircraft, the overhead starter system for gas turbine
engines, gas pipeline systems on flying instruments.

THE TECHNICAL STATUS OF THE
INVENTION

Pyrotechnic mitiators are widely used 1n aerospace fields
such as equipment 1n civilian aircraft escape systems, fighter
pilots escape systems, starter systems, jet engine fuels
diversion systems, insurance mechanisms of military weap-
ons . . .. The mitialization and start-up process in the above
systems plays a very important role requiring high reliability
and short start-up times.

U.S. Pat. No. 4,978,089 of Dec. 18, 1990 describes an
aircraft emergency escape system. In the text, the author
proposes a system to open an emergency exit on the fuse-
lage, including a pyrotechnic device placed in the fuselage
capable of opening an emergency exit on the body, a
fire-activated device. Activated by an imitiator, the starter 1s
controlled by a safety manometer that senses the pressure
inside and outside the aircraft. When the difference between
the pressure 1mside and outside the aircraft 1s greater than a
specified value, the starter 1s inhibited, and when the pres-
sure difference 1s below the specified threshold, the genera-
tor will be activated, 1gnite the flamethrower device, creating,
pressure on the quick opening of the fuselage.

U.S. Pat. No. 6,935,655 of Aug. 30, 2005 describes a sale
airbag start system 1n a car. In the text, the author proposes
a pyrotechnic initiator to start the airbag. When the vehicle
1s 1n a collision, the main control system controls the
collision, acceleration, and speed sensors to detect the
impact. When the acceleration exceeds the specified value,
an e¢lectrical signal 1s fed 1nto the iitiator for a very short

time to 1gnite the 1gnition and gas generators to produce
large quantities of gas in a short time. Finally, the airbag 1s
inflated to reduce the impact on the occupants.

U.S. Pat. No. 8,216,401 of Jul. 10, 2012 describes a
device that ignites. In the text, the author proposes that
pyrotechnic device includes 3 main components: Burning,
bridge, acceptor and out put. In which the dose of primer
was 1mproved by using a 4.6-dinitro-7-hydroxybenzofu-
roxan unleaded material instead of conventional lead
styphnate along with a mixture of heat-sensitive substances,
oxidants, fuels and binders. The device operates when
voltage 1s applied to the base of the burning bridge.

The above mventions have applied pyrotechnic initiated
equipment 1n many fields, but the inventions have not yet
given detailed design calculations. Theretore, this invention
proposes to compute the design of a pyrotechnic initiator for
the application 1n the aerospace field.

THE TECHNICAL NATURE OF THE
INVENTION

The purpose of the invention is that a pyrotechnic mitiator
1s used 1n the aerospace field, in particular 1mn systems
requiring high reliability, fast start-up times.
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2

To achieve the above purpose, the invention calculates the

design ol a pyrotechnic imtiator consisting of the main

components: the housing, the burning bridge and the pyro-
technic dose.

-

T'he housing 1s a part that protects and increases the power

of the pyrotechnic charge, so it can not react to the charge,

withstand the pressure of stufling (stuthing pressure 1s the
pressure acting on the housing during the dosing pyrotechnic
process), resistant to corrosion (corrosion 1s the deterioration
of a material through its interaction with surroundings
environment over time); therefore must it be precisely
machined and have the required mechanical strength (me-

chanical strength 1s the ability of the material to resist the
destruction of mechanical forces, 1n the case of the invention

the device must withstand pressure capacity not less than
693 kG/cm”); the housing is connected by thread with other
parts. Therefore, the mvention uses stainless steel 09X16H4
to manufacture the housing of the nitiator.

The number of threads on the housing 1s determined by
the tensile and shear strength (tensile strength and shear
strength are the highest values of tensile and subsequent

stresses that the material can withstand, when applied, i1 the

stresses exceed this limit, there will be local deformation and

then damage) according to the formula:

P-d
ke s-|7]

P.d
ki -s-loy]

fly = s Fle =

In which: o,, T 1s the tensile and shear strength of the

material (0,=6750 kG/cm™; 1=5200 kG/cm” with stainless

steel 09X16H4); k,, k. 1s the safety coetlicients (when

calculated by tensile strength k,=1.57; by shear strength

k =2); s 1s a pitch, s=0.15 cm; d 1s a mean diameter of a
thread (~2.1 cm); P is an average pressure, P=693 kG/cm”,
n, 1s a tensile strength, n_ 1s a shear strength of the housing.

Therefore, the optimal number of threads on the nitiator
housing 1s 6 threads.

The burning bridge 1s a part with the function of gener-
ating heat to 1gnite the i1gnition dose, requiring a large
resistivity and not being greatly changed when activated; the
burning bridge must ensure mechanical durability and
should not react to the dose. The burning bridge can be made
of several alloys such as Platinum-Iridium, N1i—Cu alloy,
N1—Cr alloy.

The diameter of the burning bridge 1s determined by the
formula:

o LA
s TP
In which: R—Resistance of the pyrotechnmic initiator

(average value ~0.9€2); p—The resistivity of the burning
bridge; 1—Length of the burning bridge (2.4-10™> m);
d—Diameter of the burning bridge (R and 1 value are
calculated according to the working and design requirements
ol each equipment).

Therefore, the optimal calculated burning bridge diameter
1s 0.04 mm.



US 11,680,780 B2

3

The composition of the pyrotechnic dose of the mitiator
includes:

[gnition class: Oxidant CuQ,—60%; Ignition substances
Zr—40%; cotton bonding powder NO,—2%. The weight 1s
0.12 g; density 2.5 g/cm’.

Intermediate class: Potassium perchlorate KC10,—350%;
Lead rodanite Pb(CNS),—47%; Barium chromate
BaCrO,—3%; NC glue (C,,H;,NgO3q)—1%. The weight 1s
0.25 g; density 1.45 g/cm”.

Fire-boosting class: Potassium perchlorate KC10,—64%;
aluminum powder—31%; NC glue (C,,H;,NgO55)—3%.

The weight is 0.4 g; density 1.23 g/cm’.
BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 illustrates the structure of the pyrotechnic initiator.

DETAILED DESCRIPTION OF THE
INVENTION

As shown 1n FIG. 1, the FIGURE 1illustrates the main

mechanisms of the pyrotechnic imitiator. It includes housing
1, burning bridge 2, pyrotechnic dose 3. In which:

The housing 1 has the effect of protecting and increasing
the power of the pyrotechnic charge, so 1t must safisfy the
following requirements: not to react to the pyrotechnic
charge; withstand stuffing pressure; resistant to corrosion;
must be precision machined and have the required mechani-

cal strength. From there we choose the stainless steel
09X16H4 which 1s a high-tech and mechanical steel, the

steel 1s heated to temperature a
at 482° C. to secrete the dis

' 1052° C. and the next aging
version phases to make the

durability of steel can reach

654 MPa. Steel 1s used for

applications requiring high strength, resistance to corrosion,
typically 1n aircraft structures.

The housing 1s connected by thread with other parts so the
calculation of the number of threads to ensure maximum
allowable effect to the thread when the device operates, the
thread must be durable.

Maximum permissible force applied to the thread (Fmax):

Fmax:—P
4

In which: d—Diameter of the thread (~2.1 cm); P—Av-
erage (693 kG/cm”).

Pitch: s=0.15 cm.

The number of threads 1s determined from the tensile
strength (n,) and shear strength (n ):

P-d
© kes-[1]

P-d
ke s [o]

F1 . H

In which: 6,, T 1s the tensile and shear strength of the
material (6,=6750 kG/cm”; 1=5200 kG/cm” with stainless
steel 09X16H4); k,, k. 1s the safety coefficients (when
calculated by tensile strength k,=1.57; by shear strength
k =2); s 1s a pitch, s=0.15 cm; d 1s a mean diameter of a
thread (~2.1 cm); P 1s an average pressure, P=693 kG/cm®,
n, 1s a tensile strength, n_. 1s a shear strength of the housing.
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The actual selected number of the threads is:

n=15n__1(n, n )+

1

T'herefore, the number of the threads on the housing 1s 6.
Thread length (10:

| =n-s

F

In which: n—number of the threads; s—pitch.
Therefore: 1,=6-0.15=0.9=1 cm.

-

T'he burning bridge 2 generates heat to 1gnite the Ignition
class. The accumulation process begins with the conversion

of electricity into heat. The burning bridge must satisfy the
following requirements: having high resistivity; must not
melt; resistant to corrosion; ensure mechanical strength; do
not react to the dose; there 1s no major resistance changed
when activated.

TABLE 3
Main parameters of some alloys used as burning brnidge.

p (300° C.) C Y T, .
Material (Q - mm?/m) (Cal/lg - ° C.) (g/em® Cyvip (° C)
Platinum - Indium 0.36 0.032 21.6 1.92 1800
(85% Pt + 15% Ir)
Ni—Cu Alloy 0.485 0.09% 8.9 1.80 1260
Ni—Cr Alloy 1.19 0.11 8.4 0.78 1410

(80% Ni + 20% Cr)

The resistance of pyrotechnic initiator 1s determined by
the formula:

In which: R—Resistance of the pyrotechnic inifiator

(average value—0.9£2); p—The resistivity of the burning
bridge; 1—Length of the burning bridge (2.4-10— m);
d—Diameter of the burning bridge.

According to the sensitivity and economy of the pyro-
technic 1nitiator, we choose N1i—Cu alloy as the burning
bridge wire, the wire size 1s calculated by the formula:

4-049-2.4.107°
3.14-0.9

= 0.040 mm

Principle of operation: The device works when voltage 1s
applied to the burning bridge, the current will heat up the

burning bridge and burn the combustible component 1n the
[gnition class, burning the intermediate class and fire-boost-
ing class, fire-boosting dose will generate heat and pressure
to work.

pyrotechnic dose 3: The doses are the main element to
create fire, heat and pressure. Pyrotechnic dose includes
1gnition dose 31, intermediate dose 32, fire-boosting dose
33. The volume, density, component rate of pyrotechnic
dose for device 1s calculated according to the details below:

+ Calculate fire-boosting dose 33

a — Calculate the composition of the dose
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The fire-boosting dose needs a relatively short burning
time, can create heat and pressure 1n this time, so we choose

the mixture Al-—KCIO,—NC as the fire-boosting dose.
TABLE 1

Properties of fire-boosting dose AI—KCILO,—NC

Ability to
[gnition Burning generate
Fire-boosting Density Temperature temperature heat
dose (g/cm?) (" C.) (° C) (Cal/g)
Al—KCIO,—NC 2.46 754 5223 2000

Calculate the oxygen balance for each 1 g dose as follows:
Oxidizing agent (KC1O,): +0.462
[gnition substance (Al aluminum powder): —0.890

Binder (adhesive NC C,,H;,NgO35): —0.387.
Assume that the Al ratio 1s x, the KC10O, rate 1s y and the
C,,H5,NyO;, rate 1s z (5%)

y=100—-5-x=95—x

The algebraic sum of oxygen at the respective proportions
of each component must be zero.

Therefore: 0,462-(95—x)—0.89x—(0.387-3)=0

x=31(%); y=64(%); z=3(%)

Therefore, the composition of the fire-boosting dose 1s as
follows: KC10,—64%; Al—31%; C, ,H;N;O53—5%.

+ Calculate dose density

With the density and proportion of the given composi-
tions, the density of the dose powder can be calculated by the
formula:

100
Ymax = X x5 X,y
— =+ —
d91 42 dn

(31)

In which: X, X,, . . . X_—the proportion of compostions

(%); 4, 4, - . . q,—density of compositions (g/cm?).
g=K -q,. . .; K —compression coefficient (40-60% of
q,...), take K =0.3

Intermediate dose

Pb(CNS),—KCLO;—BaCrO,—NC

20

25

30

35

40

Ability to
Heat to generate
burn performance
(Cal/g) (at - cm>/g)
3.45 3396
5  The density of the compositions is as follow: Al—2.72

g/cm”; KC10,—2.52 g/em”; C,,H;3 NoOse—1.60 g/lem”.
Following the formula (31): =2.46 glcm’;
q=0.5-2.46=1.23 g/cm’.
c—Calculate the mass
The mass of the fire-boosting dose required co should be
ficient to produce the required pressure P.

P pressure 1s calculated by the formula:

Urnax

SU

P = J -Doddo’: w = d
(V/w)—1

1 +

ol Rt

In which: ®@—mass of the fire-boosting dose (g); P—burn-
ing pressure (kG/cm”); V—volume of combustion chamber
(cm?); f—dose force (at-cm’/g).

We have P=450 kG/cm” (value according to the standards),
V=5 cm”, £=5396 at-cm’/g then w=0.4 g.

+ Calculate the intermediate dose 32

a — Calculate the composition of the dose

Intermediate dose 32 works to increase the ability to
reliably 1gnite the fire-boosting dose from the initial heat
pulse generated by the 1gnition dose. Intermediate dose 32
lies between 1gnition dose 31 and increased flame dose 33.
We choose a mixture of Pb(CNS),—KCLO,—BaCrO,—
NC (has good 1gnmition ability and high burning temperature
to ensure reliable 1gnition fire-boosting dose) as an interme-
diate dose.

TABLE 2

Properties of intermediate dose Pb(CNS),—KCLO;—BaCrO,—NC

Ability to
[egnition Burning Heat to generate
temperature  temperature  burn  performance
°C) °C) (Cal/g) (at - em’/g)
205 2618 3.87 3824
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Calculate the oxygen balance for each 1 g dose as follows:

Pb(CNS),: —0.3935

KCLO;: +0.392

BaCrO,: +0.125

Assume that the Pb(CNS), ratio 1s x, the KClO; rate 1s y
and the BaCrQ, rate 1s z (3%).

y=100-3—x=97—x

The algebraic sum of oxygen at the respective proportions
of each component must be zero.

Therefore: 0.392-(97—x)—0.395x+0.125.3=0

Xx=30(%); y=47(%), z=3(%)

Therefore, the composition of the intermediate dose 1s as
follows: Pb(CNS),—47%; KCLO;—50%; BaCrO,—3%:;
NC glue (C,,H;,NgO35)—1% (external calculation).

b—Calculate the mass

The limited mass (G) of the intermediate dose 1s calcu-
lated by the formula:

(32)

In which: q,,—Limited mass of intermediate dose per 1
cm” surface area; d_,-diameter of intermediate dose.

We have: q,,=0.2 g and d_,=1.25 cm so G=0.25 g.

c—Calculate the density

The density of the compositions: KC10,—2.32 (g/cm’);
Pb(CNS),—3.82 (g/cm™); BaCrO,—4.498 (g/cm”).

According to the formula (31): q,,.=2.9 (g/cm’);
q=0.5-2.9=1.45 (g/cm’).

+ Calculation of 1gnition dose 31

The 1gnition dose should be easily burned by the initial
heat impulse, has a high fire sensitivity and also has a large
heat. We choose the CuO,—7Zr—NQO,; mixture as the 1gni-
tion dose.

The composition and rate of the 1gnition dose are as
follows: Oxidizing agent CuQ,—60%; 1gnition substances
/Zr—40%, cotton adhesive powder NO;—2%.

The limited mass () of the 1gnmition dose 1s calculated by
the formula (32):

In which: q,,=0.1 g and d_,=1.25 cm so G=0.12 g.

Weight, density and size of 1gnition dose should be
selected, ignition dose density is within 2.5 g/cm’.

+ Calculate the combustion pressure generated 1n a stan-
dard volume chamber

The pressure when the dose burns 1n the closed volume 1s
calculated by the formula:

A (33)

P =
1 —aA

In which: f—dose force (at-cm’/g); A—dose density
(g/cm’); o—cumulative coefficient (cm’/g).
The force of the dose (f) 1s calculated by the formula:

f=n.R.T (34)

In which: n—the number of moles of the gas produced;
R—gas constant; T—burning temperature.

The number of moles of gas produced can be calculated
according to the reaction of the fire-boosting dose:

3KC10,+8AI=3KCI+4AL,0,

Co, Hy NyOse=4.6C0,+19.4CO+9.4H,0+4.5N+6.1
H,
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The number of moles of gas generated when 1 kg of
fire-boosting dose 1s burned 1s:

n’ - 1000
N My +NoMy + ...+ N M,

N

7.950 44.50
3.139+ 827 1053

— 12.6 mol/ke

Burning temperature T=5223° C.

(Gas constant R=0.082 (at/” C.mol).

From there, according to formula (34) we have: {=5396
(at-cm”/gf).

The dose density (A) 1s calculated by the formula:

=&

In which: w—effective mass of the dose (g); V—volume
of the combustion chamber (cm”). )

Effective mass of the dose (w): Lieu tang lira: 0.4 g
(f=5396 at-cm’/gf); intermediate dose: 0.25 g (£=2500
at-cm”/gf); ignition dose: 0.12 g (f=4609 at-cm”/gf).

From that:

2500 4609

w:0.4+0.25-ﬁ+0.12-% ~ 0.62 g

Volume of the combustion chamber: V=5 cm=.
So the dose density:

0.62
A=—

= 0.124 3
5 g/cm

Cumulative coefficient (O):
o=0.001-y,.

In which: y,—Specific volume of ignition dose (cm’/g)

22.4 -4 - 1000
- N{M{+NoM, +...+N.M,

Yo =22.4-12.6 = 282 cm® /¢

Yo

o =0.001-282 =0.282 cm’ / g.

Calculate P by the formula (33):

P 5396-0.124
- 1-0.282.0.124

=693 kG /cm’

Therefore, the actual combustion pressure 1s greater than
the standard pressure (450 kG/cm®) to ensure that the
mitiator’s working requirements are met.

In summary, the composition of the doses 1s as follows:

+ Ignition class: Oxidizing agent CuQO,—60%; 1gnition
substances Zr—40%; NO;—2% cotton bonding powder.
The weight is 0.12 g; density 2.5 g/cm’.

+ Intermediate class: potassium perchlorate KCIO,—
50%; lead rodanite Pb(CNS),—47%; barium chromate
BaCrO,—3%; NC glue (C,,H;,N;O;5)—1%. The weight 1s
0.25 g; density 1.45 g/cm”.
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+ Fire-boosting class: potassium perchlorate KCI1O,—
64%; aluminum powder—31%; NC glue (C, H;;NgO5q)—
5%. The weight is 0.4 g; density 1.23 g/cm”.

The invention 1s described 1n detail as above. However,
clearly that to the average person knowledgeable 1n the field
of 1nvention 1s not limited to the variant described 1n the
invention description. An mvention can be made 1n a modi-
fied or altered mode that 1s not outside the invention scope
defined by the points of claim protection. Therefore, what 1s
described 1n the mmvention description 1s for illustrative
purposes only, and will not impose any restrictions on the
invention.

What 1s claimed 1s:
1. A pyrotechnic mitiator comprising: a housing, a burn-
ing bridge and a pyrotechnic charge:

wherein the housing protects and increases power of the
pyrotechnic charge, the housing 1s not reactive to the
pyrotechnic charge, withstand the pressure of stuffing,
and resistant to corrosion; the housing 1s connected by
a number of threads with other parts; the housing
comprising a stainless steel 09X16H4;

the number of threads 1s determined from tensile strength
(n,) and shear strength (n ) by the formula:

P-d
ks [1]

P-d
ke s [o]

g s He

in which: 6,, T 1s a tensile and shear strength of the
material, G,=6730 kG/cm”:; t=5200 kG/cm” with stain-
less steel 09X16H4; where k,, k. each comprise a
safety coefficient, when calculated by tensile strength
k,=1.57; by shear strength k =2; s 1s a pitch, s=0.15 cm;
d 1s a mean diameter of a thread, ~2.1 cm; P 1s an
average pressure, P=693 kG/cm®, n, is a tensile
strength, n_ 1s a shear strength of the housing;

the number of the threads 1s:

n=1.5n__(n, »n)+4
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therefore, the number of the threads on the housing 1s 6;
thread length (1 ):

[ =n-s

in which: n—the number of the threads; s—the pitch;

therefore: 1 =6 times 0.15=0.9=1 cm;

the burning bridge generates heat to 1gnite the 1gnition
charge, requiring a large resistivity and not being
substantially changed when activated;

a diameter of the burning bridge 1s determined by the
formula:

P [ 4]
- pS - p?rd2

in which: R—resistance of the pyrotechnic initiator, aver-
age value 0.9€2; p—the resistivity of the burning
bridge; 1—length of the burning bridge 2.4.10™ m;
d—diameter of the burning bridge;

an optimal calculated burning bridge diameter 1s 0.04
mm;

the pyrotechnic charge of the mitiator includes:

1gnition class: oxidizing agent CuQO,—60%:; 1gnition sub-
stance Zr—40%; cotton binder powder based NO,—
2%: having a mass that is 0.12 g; density 2.5 g/cm™;

intermediate class: potassium perchlorate KC10,—350%:;

lead rodanite Pb(CNS),—47%; barmum chromate
BaCrO,—3%:; NC glue (C,,H;N;O;35)—1%; having a
mass that is 0.25 g; density 1.45 g/cm”;
fire-boosting class: potassium perchlorate KC10,-64%;
aluminum powder—31%; NC glue (C,,H;N;O55)—
5%; having a mass that is 0.4 g; density 1.23 g/cm”.
2. The pyrotechnic imitiator according to claim 1, wherein
the burning bridge 1s made of platinumai-iridium.
3. The pyrotechnic initiator according to claim 1, wherein
the burning bridge 1s made of N1—Cu alloy.
4. The pyrotechnic initiator according to claim 1, wherein
the burning bridge 1s made of N1—Cr alloy.

kK kK x kK kK
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